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Abstract - Practical use of the polysaccharidic fraction of lignocellulosic material is limi-
ted by its high lignin content. In this study the lignin-degrading white-rot fungus Trametes
trogii Berk. in Trog. was used in the solid-state pre-treatment of wheat straw and the effi-
ciency of the enzymatic hydrolysis of the residual cellulose after pre-treatment was analy-
sed. Glucose, mineral nitrogen and yeast extract were used to supplement the pre-treatment
minimal medium. Results were determined on the basis of levels of glucose and total redu-
cing sugars released after batch incubation with foreign cellulases. The principal effect of
medium components, as well as the effects of their interaction, were investigated using a
two-level full factorial analysis in function of pre-treatment and hydrolysis times. Eviden-
ce is provided to show that better results are obtained in the presence of glucose, while the
presence of nitrogen sources results in lower yields irrespective of the time course of the
process. 
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INTRODUCTION
The lignocellulosic complex represents a major portion of the total carbon fixed
by photosynthesis and constitutes the soil’s most abundant renewable organic
resource. However, only a small amount of the cellulose, hemicellulose and lignin
produced as by-products in agriculture or forestry is used, the rest is considered
waste. Cellulose crystallinity and lignin, which offers cellulose physical protec-
tion against cellulolytic enzymes (Jung et al., 1992a; Reeves and Schmidt, 1994),
limit the utilisation of the polysaccharides present in lignocellulosic residues.
Lignin can be removed by chemical (Chahal, 1991; McMillan, 1994; Gong et al.,
1999) or physical (Zimbardi et al., 1999) pre-treatment which then permits effi-
cient bioconversion. Pre-treatment can also be carried out microbiologically
which has the advantages over non-biological procedures of producing minimal
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minimal. 
However, to put a biological delignification process into practice, it is essen-
tial to maximise both rate and specificity of lignin breakdown by providing con-
ditions which favour lignin degradation and discourage carbohydrate consump-
tion (Reid, 1985; Waldner et al., 1988; Jung et al., 1992b; Kerem et al., 1992). 
Progress has been made in identifying culture parameters which affect degra-
dation of lignin by Phanerochaete chrysosporium, a fungus which has been
widely used as a model organism to study lignin biodegradation (Kirk et al.,
1978; Reid, 1979; Fenn and Kirk, 1981; Faison and Kirk, 1985; Buswell, 1992). 
In this study we focused on the effects of three culture parameters (glucose
and two nitrogenous compounds) on the efficiency of the enzymatic hydrolysis of
the cellulose residue after solid-state pre-treatment of straw with the wood-rotting
fungus Trametes trogii. The effects of the interactions of these culture parameters
were also studied. The strain used for this study was chosen because of its high
phenolooxidase and low cellulase activity (Alfani et al., 1989). Results collected
on saccharification yields were submitted to a two-level full factorial analysis
(Montgomery, 1991) in order to establish how to optimise the pre-treatment step
and process conditions for hydrolysis. 
MATERIALS AND METHODS
Mycelium growth. Strain 201 of the white-rot fungus Trametes trogii Berk. in
Trog. was used (Garzillo et al., 1998). It was kindly provided by Prof. M. Ribal-
di, University of Perugia. 
T. trogii mycelium was maintained on agar slants at 4 °C and transferred
monthly onto fresh potato dextrose agar (Difco, USA) supplemented with 0.5%
yeast extract (Oxoid, England).
Inoculum for straw pre-treatment was obtained from mycelia actively
growing in 100 ml complete medium (Schiesser et al., 1989). Incubation was
performed in a batch reactor stirred at 180 rpm for 5 days at 28 °C. The mycelium
was then ground 4 times, for a minute, with an UltraTurrax mixer (IKA-Werk
Janke & Kunfel, GmbH, Germany). 
Lignocellulosic samples. 6g of internodal straw filaments, cut into 12 cm sec-
tions, were arranged in a grate like fashion on 15 cm Petri dishes in order to
ensure homogeneous contact with air; 15 ml of deionized water at 35 °C was then
added to each plate. After 15 min, the liquid was drained away and a disc of blot-
ting paper was placed between the plate cover and the straw to avoid it sticking to
the cover. Petri dishes were then sterilised at 120 °C for 60 min. Excess water was
removed by placing Petri dishes in an oven for 3 hours at 45 °C.
Solid-state pre-treatment. 15 ml of sterile minimal basal medium (BM) was
added to each plate. Composition of this medium is described by Schiesser et al.
(1989). The BM, where specified, was supplemented with glucose (0.2%) to pro-
vide a carbon source or ammonium sulphate (0.2%) to provide a mineral nitrogen
source or yeast extract (0.015, 0.125 or 0.500%) or a combination of these
nutrients. The yeast extract was used at very low concentrations as a growth fac-
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gen (Kalisz et al., 1986; Schiesser et al., 1989). All plates containing straw and
medium were homogeneously inoculated with 5 ml of hyphal suspension. 
Solid-state cultures were incubated at 30 °C for either 5 or 10 days (moisture
content was maintained by adding 4 ml of deionized sterile water every 3 days);
controls were run without the fungus. Cultures were then placed in an oven at 
70 °C for 10 min to inactivate any cellulolytic enzymes that may have been relea-
sed by T. trogii, and stored at - 20 °C until the enzymatic assays were carried out. 
Enzymatic hydrolysis. The pre-treated wheat straw was rinsed overnight with
tap water to remove stained compounds interfering with the colorimetric-sugar
measurements. A pre-weighed fraction of each sample was dried at 105 °C to
constant weight to measure the percentage of H2O. Excess water was removed
with blotting paper and each sample was ground with a Mixer Pulser Matic 16
PBI in order to obtain a particle dimension (1-5 mm filaments) suitable for enzy-
matic hydrolysis (Alfani et al., 1989). 
The hydrolysis was carried out at 45 °C with commercial cellulases from Tri-
choderma viride (Miles, USA) and Aspergillus niger (Sigma, USA) in a ratio of
2:1. This hemicellulase-less enzyme mixture has been shown to enhance the syn-
ergistic action of cellulase components produced by the two microbial agents, as
reported by Cantarella et al. (1986, 1987). These authors reported an optimization
of the enzymatic cocktail for some lignocellulosic material as well as the compo-
sition of the hydrolysis buffer. 3 mg of enzyme mixture and the equivalent of 0.5 g
of dry weight straw in wet straw were added to 100 ml of 50 mM Na-acetate/acetic
acid buffer pH 4.8 and incubated in a 250 ml stirred batch reactor. An enzyme-less
blank was also prepared. To study the impact of pre-treatment on enzymatic
hydrolysis two blank tests were also incubated; one with the cellulase mixture and
untreated straw that had been previously incubated with sterile medium and the
other with the cellulase mixture and untreated straw that had not been previously
incubated with sterile medium. After the hydrolysis, 2 ml from each batch reactor
was heated at 100 °C for 20 min to stop cellulolytic activity and then placed in ice.
The samples were subsequently centrifuged at 3,000 × g for 20 min and the con-
centrations of glucose and total reducing-sugar were determined.
Total reducing sugars and glucose determination. Total reducing sugar levels
were determined according to Nelson’s method using glucose as a standard (Nel-
son, 1944). Glucose concentration was measured with an oxidase-peroxidase
assay using a GOD-Perid reagent Kit of Boehringer Biochemia Robin (Milan,
Italy), modified by the addition of 10 mM d-gluconolactone from Schuchard
(FRG), to inhibit β-glucosidase which may contaminate kit reagents (Cantarella,
1986). 
Data analysis. Results were elaborated using a two-level full factorial analysis
(Montgomery, 1991). The procedure is based on the cross-confrontation of every
result – glucose and reducing sugars levels – with all the other results which do
not belong to the same group (data in Tables 1, 2 and 3). The effect of a factor is
the change in response produced by a change in the level of the factor. When the
effect of a factor depends on the level of another factor, the two factors are said to
interact. The average values are calculated for every cross-combination and the
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than the average and “–” for values lower than the average. The procedure allows
us to establish the relative weight of the factors to determine the hydrolysis kine-
tics and yields. The analysis of the variance (ANOVA) was used to evaluate the
significance (p≤0.05) of main and interaction effects of the factors under investi-
gation. 
RESULTS AND DISCUSSION
Influence of growth medium composition
To improve the efficiency of enzymatic hydrolysis of the residual cellulose fol-
lowing pre-treatment of straw with T. trogii, the effect of different concentrations
of ammonium sulphate (factor A), glucose (factor B) and yeast extract (factor C)
in the growth medium were investigated. 
Results of the enzymatic hydrolysis at 20 h of samples pretreated for 5 days
are reported in Table 1; Tables 2 and 3 show the results of enzymatic hydrolysis
of straw samples pre-treated for 10 days at 20 and 40 h, respectively. Glucose and
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TABLE 1 – Enzymatic hydrolysis (20 h at 45 °C) of wet ground wheat straw. Samples
were pretreated in solid state for 5 days with the wood-rotting fungus
Trametes trogii under different cultural conditions
Pretreatment cultural conditions Hydrolysis responses
Glu (NH4)2SO4 Y.E.a Red. sugarsb Glucose Selectivityc Conversiond
(%) (%) (%) (mM) (mM) (%) (µmol mg–1)
0.0 0.0 0.0 0.565 0.565 100 0.113
0.015 0.670 0.419 62 0.134
0.125 0.847 0.468 55 0.169
0.500 0.427 0.273 64 0.085
0.0 0.2 0.0 0.438 0.431 98 0.088
0.015 0.375 0.284 76 0.075
0.125 0.431 0.302 70 0.086
0.500 0.364 0.187 51 0.073
0.2 0.0 0.0 0.699 0.539 77 0.140
0.015 0.834 0.633 76 0.267
0.125 0.500 0.438 88 0.100
0.500 0.386 0.386 100 0.077
0.2 0.2 0.0 0.287 0.150 52 0.057
0.015 0.524 0.401 76 0.105
0.125 0.450 0.393 87 0.090
0.500 0.388 0.214 55 0.078
a Yeast extract. 
b Reducing sugars. 
c Glucose % of reducing sugars. 
d Reducing sugars per dry weight of substrate.reducing sugar levels in the control plates of untreated straw, incubated or not
with sterile medium, indicated an irrelevant enzymatic hydrolysis. 
A two-level full factorial analysis (Montgomery, 1991), was performed to
investigate the main and interaction effects of each nutrient in function of the bio-
logical-pre-treatment (factorial design I - data in Tables 1 and 2) and enzymatic-
hydrolysis time (factorial design II - data in Tables 2 and 3). 
Levels and factors investigated are reported in Table 4. Factorial elaborations
C1, C2 and C3 are related to the yeast-extract level utilised: 0.015, 0.125 and
0.500%, respectively. The significance of main and interaction effects was eva-
luated using ANOVA. Significant responses (p≤0.05) of factorial designs I and II
are reported in Table 5 and Figure 1, respectively. 
Carbon source. Results reported in Table 5 and Figure 1 show that cellulose enzy-
matic susceptibility in pre-treated wheat straw increases considerably with the
addition of glucose to the pre-treatment medium. 
It is known from the literature that lignin degradation by white-rot fungi is an
energy-requiring process and that the energy to degrade the lignin must come
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TABLE 2 – Enzymatic hydrolysis (20 h at 45 °C) of wet ground wheat straw. Samples
were pretreated in solid state for 5 days with the wood-rotting fungus
Trametes trogii under different cultural conditions
Pretreatment cultural conditions Hydrolysis responses
Glu (NH4)2SO4 Y.E.a Red. sugarsb Glucose Selectivityc Conversiond
(%) (%) (%) (mM) (mM) (%) (µmol mg–1)
0.0 0.0 0.0 0.498 0.367 74 0.100
0.015 0.617 0.437 71 0.123
0.125 0.611 0.372 61 0.122
0.500 0.293 0.191 65 0.059
0.0 0.2 0.0 0.279 0.174 62 0.056
0.015 0.447 0.253 57 0.089
0.125 0.400 0.224 56 0.080
0.500 0.479 0.286 60 0.096
0.2 0.0 0.0 0.935 0.607 65 0.187
0.015 0.941 0.573 61 0.188
0.125 0.818 0.480 59 0.164
0.500 0.708 0.460 65 0.142
0.2 0.2 0.0 0.422 0.383 91 0.084
0.015 0.333 0.162 49 0.067
0.125 0.286 0.153 53 0.057
0.500 0.511 0.362 71 0.102
a Yeast extract. 
b Reducing sugars. 
c Glucose % of reducing sugars. 
d Reducing sugars per dry weight of substrate.220 P. CACCHIO et al.
TABLE 3 – Enzymatic hydrolysis (40 h at 45 °C) of wet ground wheat straw. Samples
were pretreated in solid state for 10 days with the wood-rotting fungus
Trametes trogii under different cultural conditions
Pretreatment cultural conditions Hydrolysis responses
Glu (NH4)2SO4 Y.E.a Red. sugarsb Glucose Selectivityc Conversiond
(%) (%) (%) (mM) (mM) (%) (µmol mg–1)
0.0 0.0 0.0 0.520 0.378 73 0.104
0.015 0.660 0.455 69 0.132
0.125 0.640 0.376 59 0.128
0.500 0.295 0.172 58 0.059
0.0 0.2 0.0 0.299 0.172 58 0.060
0.015 0.263 0.262 99 0.053
0.125 0.414 0.283 68 0.083
0.500 0.493 0.320 65 0.098
0.2 0.0 0.0 1.079 0.646 60 0.216
0.015 1.048 0.360 34 0.209
0.125 1.000 0.316 35 0.200
0.500 0.793 0.269 34 0.158
0.2 0.2 0.0 0.421 0.219 52 0.085
0.015 0.357 0.163 46 0.071
0.125 0.310 0.150 48 0.062
0.500 0.236 0.142 60 0.047
a Yeast extract. 
b Reducing sugars. 
c Glucose % of reducing sugars. 
d Reducing sugars per dry weight of substrate.
TABLE 4 – Factors and levels analysed in the full factorial experiments
Factors Levels
Low(–) High (+)
A Nitrogen  (%) 0.0 0.2
B Glucose  (%) 0.0 0.2
CY east extract  (%)a 0.0 0.015
0.125
0.500
Db Time (days) 5 10
Dc Time (hours) 20 40
a 0.015, 0.125 and 0.500% are the high levels for the ANOVA C1, C2 and C3, respec-
tively. 
b Factor D in the factorial design I is the pretreatment time.
c Factor D in the factorial design II is the hydrolysis time.Ann. Microbiol., 51, 215-224 (2001) 221
TABLE 5 – Significant effects of the full factorial design I considering reducing sugars
and glucose as responses of the enzymatic hydrolysis at 20 h of samples
biologically pretreated for either 5 or 10 daysa
Yeast extract Factorial Factorsb
(%) Analysis A B AB AC BD
Effects on reducing sugars (mM)
0-0.015 C1 –0,3318 0.1358 –0.1290 n.s. n.s.
0-0.125 C2 –0,3100 n.s.c n.s. n.s. n.s.
0-0.500 C3 –0.1679 0.1241 n.s. 0.1499 0.1326
Effects on glucose (mM)
0-0.015 C1 –0.2253 n.s. n.s. n.s. n.s.
0-0.125 C2 –0.2033 n.s. n.s. n.s. n.s.
0-0.500 C3 –0.1430 n.s. n.s. n.s. n.s.
a Experimental results are in Tables 1 and 2.
b See Table 4 showing factors A, B, C, etc.
c n.s., not  significant.
FIG. l – Significant effects of the full factorial design II considering reducing sugars (a)
and glucose (b) as responses of the enzymatic hydrolysis at 20 h and 40 h of
samples biological pretreated for 10 days (data in Tables 2 and 3).
See Table 4 showing factors A, B, C, etc.
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Main and interaction effects
b)
b)from easily accessible energy sources such as wood polysaccharides and low
molecular weight sugars (Kirk et al., 1976, 1978). 
Nitrogen source. The efficiency of cellulose enzymatic hydrolysis is closely
linked to the presence of nitrogenous compounds in the pre-treatment medium
(see Table 5 and Fig. 1). Levels of both glucose and total reducing sugars found
after hydrolysis with foreign cellulases, decrease considerably when (NH4)2SO4
(factor A) or 0.500% yeast extract (factor C) are added to the pre-treatment
medium. However, a positive interaction between the two nitrogen sources was
detected. Lower concentrations (0.015 and 0.125%) of yeast extract (factor C)
have little influence on hydrolysis as the fungus does not need growth factors. 
The main effect of both (NH4)2 SO4 and 0.5% yeast extract may be related to
an enhancement of cellulose breakdown during fungal growth. Furthermore, our
previous results (Alfani et al., 1989) demonstrated that mineral nitrogen did not
repress lignin degradation directly, in submerged T. trogii cultures: phenol-oxida-
se production follows the growth phase and becomes significant after 5-7 days,
differently from P. chrysosporium (Keyser et al., 1978; Kirk et al., 1978; Jeffries
et al., 1981). Furthermore, Schiesser et al. (1992) reported that endo- and exo-
glucanase activity increased in submerged cultures of Trametes trogii for all the
different peptones tested, apart from mycological peptones. 
The influence of process conditions
A kinetic study was carried out to optimize process conditions, especially incu-
bation times with the fungus and the time of pre-treated straw in the hydrolysis
reactor. 
Susceptibility to commercial-cellulase hydrolysis of straw samples incubated
with T. trogii doesn’t appear to differ as far as processing time is concerned (Table
5 and Fig. 1). Factor time (pre-treatment and hydrolysis) was not significant, pos-
sibly due to the narrow variation ranges. These observations suggest that factors
other than time can contribute to optimize the biodelignification process in the
conditions studied. 
Our previous results (Alfani et al., 1989) showed an increased production of
phenol-oxidase and almost nil production of avicelase and CMC-ase between 5
and 7 days of pre-treatment with T. trogii submerged cultures; this suggested a
more efficient biodelignification, without the loss of valuable cellulose, if bio-
mass pre-treatment was carried out for 10 days instead of 5. However, this was
not the case probably due to the fact we were working with a liquid medium.
CONCLUSIONS
The data presented in Tables 1, 2 and 3 show that, in the absence of both mineral
combined nitrogen and yeast extract at high concentration (0.500%), straw con-
version into reducing sugars ranged from 0.100 to 0.169 µmol mg–1, in the absen-
ce of glucose, and from 0.100 to 0.267 µmol mg-–1, in its presence. However the
addition of inorganic nitrogen and yeast extract (0.500%) resulted in levels of
reducing sugars ranging from 0.053-0.098 µmol mg-1 and 0.047-0.158 µmol
mg–1, respectively. Finally, the findings reported here indicate that hydrolysis
222 P. CACCHIO et al.yields of wheat straw after solid state pre-treatment with T. trogii remain low in
spite of the different changes introduced to the process. 
To conclude we believe that the genetic improvement of T. trogii - to obtain
cellulase minus strains - may be a unique way to commercially exploit the biote-
chnological potentiality of this high producer of phenol oxidases (Alfani et al.,
1989).
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